i s proposed. 
When monoenergetic p a r t i c l e s a r e chopped, we expect t h e energy spectrum t o be broadened according t o t h e energy-time u n c e r t a i n t y p r i n c i p l e and a l s o t h e wavepacket w i l l spread i n time, a s t h e p a r t i c l e propagates. A one dimensional c a l c u l a t i o n of t h i s

t i o n of t h i s e f f e c t i n c o r p o r a t i n g t h e e f f e c t s of d i f f r a c t i o n by t h e s l i t , f o r c o n s t a n t v a r ia t i o n of t h e s l i t width. (For d e t a i l s s e e t h e forthcoming p a p e r ) .
;A-%CJ For a plane wave % * e f a l l i n g on a s l i t ( p o s i t i o n of t h e edges 2 a($) ) , w e s o l v e t h e time dependent Schroedinger equation by applying t h e Green's f u n c t i o n method. With h e l p of t h e Green's f u n c t i o n which r e p r e s e n t s t h e s o l u t i o n f o r a 6 -l i k e opening i n space and time, we g e t i n t h e 
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JOURNAL DE PHYSIQUE 7 r f-f, i s t h e r e t a r d a t i o n time. A s a f i r s t example t h e i n t e g r a l (3) w i l l be solved f o r a s t e p f u n c t i o n s l i t opening. Using t h e method of s t a t i o n a r y phase, t h e exponent o f t h e i n t e g r a n d can be expanded t o second o r d e r i n T -T , where T , i s t h e c l a s s i c a l f l i g h t t i m e from t h e s l i t t o t h e d e t e c t o r . W e g e t with F being t h e F r e s n e l i n t e g r a l
F -(a, e ' T k . r . Y + ( f -~. ) ; 0 A s i m i l a r mathematical r e s u l t i s known from t h e F r e s n e l -d i f f r a c t i o n of a ( s t a t i c ) edge -t -r e b e i n g e s s e n t i a l l y replaced by t h e d i s t a n c e from t h e l i n e of geometrical shadow i n t h a t case.
Thus we expect a s t e a d i l y r i s i n g s i g n a l even before Toand o s z i l l a t i o n s around t h e 13ng time l i m i t . The time s c a l e of t h i s p a t t e r n can be estimated by p u t t i n g z=1.
For A = 30 and L = 5m we g e t ( f -7, ) = 7.10-'sec.
For a square p u l s e s l i t opening Lq(+)* 0 4, oC')< ; 0 otherwise], we can use t h e same method of i n t e g r a t i o n . W e g e t :
This resembles mathematically t h e Fresnel d i f f r a c t i o n from a s t a t i c s l i t . The f r equency spectrum of ( 5 ) is obtained v i a F o u r i e r transformation: 
7-
# (4 w) = eiwf y(d,d) -[ . .
DE. 7 s 4
For t h e more realistic case of a t r i a n g u l a r p u l s e s l i t opening, we g e t a s r e s u l t : k da
* {~~~~W -~) ) . J~~+~( W -W . )~[ ( W -~)~/ Y~] ;
q -7~- 
Form. 8 shows t h a t t h e frequency spectrum i s s p l i t i n t o two p a r t s . This e f f e c t can be understood by n o t i n g t h a t i n a s t a t i c s i n g l e s l i t d i f f r a c t i o n p a t t e r n t h e amplitude of t h e wave f u n c t i o n a t a f i x e d p o i n t v a r i e s s i n u s i o d a l l y a s a f u n t i o n of t h e s l i t width, s o t h a t when t h e s l i t width v a r i e s with time t h e r e w i l l be an associa t e d amplitude modulation of t h e wave f u n c t i o n l e a d i n g t o a s p l i t t i n g of t h e energy
Y ( J ,~) = +,(*.,.T)*~-(a(+-r.l) r~fi-r.) &(Crk~(f-~))
From t h i s we can e s t i m a t e t h e mean time width &t:
I n o r d e r t o achieve about l O r s e c f o r d t , which. can e a s i l y be re<r1ved by t h e proposed spectrometer, we have f i x e d t h e f r e e parameters t o :
The f a s t chopper l o c a t e d a t t h e sample p o s i t i o n ( s e e f i g . 1) (mean opening time T) c o n s i s f s of two t h i n Al-discs with r a d i a l s t r u c t u r e s of 10,um wide openings and 15,um wide absorbing zones made by a photolithographic technique. A s absorber we use . 1 k m t h i c k l a y e r s of Gd-157. The two wheels have a d i s t a n c e o f .Imm. The necessary r o t a t i o n a l speed of V = 400 Hz i s well w i t h i n t h e l i m i t determined by t h e t e n s i l e s t r e n g t h of t h e Al-alloy. 1 ) . Both choppers a r e phase lockza'at a frequency of about 4 0 8~~. For t h e simple geometry i n f i g . 1 (ChlI centered between Ch and t h e d e t e c t o r ) , t h e openings a s w e l l a s t h e absorbing zones f o r Ch a r e j u s t do5ble a s broad a s f o r ChII. Neutrons which p a s s both choppers I must have t r a n s i t times which a r e m u l t i p l e s of t , with t b e~n g t h e time between two openings of Ch .
I n order t o s e e t h e
e f f e c t of wave packet spreading i n time we want t o b u i l d a new type of high r e s o l u t i o n spectrometer -FOTOF (Frame Overlap Time Of F l i g h t ) : A f a i r l y chromatic beam (30 f 3 i) o f slow neutrons p a s s e s two c o a x i a l chopper wheels ChI and Ch s e p a r a t e d by a d i s t a n c e d s s 1.5 m ( s e e f i g .
* ) Thus t h e time p a t t e r n ofSneutronsSarriving a t t h e d e t e c t o r c o n s i s t s of equidi&Eant p u l s e s s e p a r a t e d by 2 t . The pulse l e n g t h a t t h e d e t e c t o r t i s twice t h e opening time of Ch . The opera?ion of t h e system can b e s t be unders h o d by r e f e r r i n g t o f i g . 1, whicA1shows how s e v e r a l neutron v e l o c i t i e s a r r i v i n g a t t h e d e t e c t o r a t t h e same time c o n t r i b u t e t o t h e s i g n a l . I f t h e d e t e c t o r multis c a l l n g system 1s r e t r~g g e r e d with each opening of Ch , a l l t h e s e v e l o c i t i e s a r e superimposed i n one s i n g l e p u l s e . Used a s a spectrorneEer f o r q u a s i e l a s t i c s c a t t e r i n g i n t h e foward d i r e c t i o n , t h e sample ( i n our case t h e f a s t chopper) i s placed d i r e c tl y behind Ch and t h e q u a s i e l a s t i c i t y shows up a s a p u l s e broadening i n t h e TOF p a t -
t e r n . With 6: = 5,usec a s p u l s e width and 2 t = 15,usec a s s e p a r a t i o n we can e a s i l y observe t h e tune spreading of 10,&sec, which i$ due t o t h e q u a s i e l a s t i c i t y caused by t h e quantum chopping.
To maintain t h e high r e s o l u t i o n of 5,usec, t h e frequency o f Chl and Chp: a s well a s t h e d i s t a n c e s d have t o be k e p t c o n s t a n t t o b e t t e r t h a n t /t n 2 -1 8 , where t f i s t h e time of P l i g h t from ChI t o t h e d e t e c t o r . This i s wi&hif; t e c h n o l o g i c a l l i m~t s The t h i c k n e s s A of t h e neutron counter i s a l s o l i m i t e d t o 002-10-'.
d . This i s achievable using t h r n s c i n t i l l a t i o n counters with Li-6 loaded g l a s s a s S c t i v e zone.
Half way between Ch and Ch ( t h e i r s l i t s a r e v e r t i c a l ) a h o r i z o n t a l l y focussing
mirror w i l l be plac6d, whicA1increases t h e h o r i z o n t a l divergence t o oc235.10-~. , , , *. a f o r 30 f j neutrons, we expect an i n t e n s i t y a t t h e d e t e c t o r of I = 5OO*/s&. Under t h e s e c o n d i t i o n s t h e f u l l width of t h e p u l s e , tl, corresponds t o an energy r e s o l u t i o n DE/E % 8 -o r an energy r e s o l u t i o n o f 80 neV.
Fermats p r i n c i p l e i n s u r e s t h a t a l l p o s s i b l e f l i g h t p a t h s w i l l have h o r i z o n t a l compon e n t s of e q u a l length. The v e r t i c a l divergence i s only l i m i t e d by t h e s l i t h e i g h t s of about 2 cm. With t h e given neutron f l u x & from t h e guide H18 a t t h e HFR Grenoble
* ) This s e l e c t i o n of f l i g h t t i m e s i s s i m i l a r t o t h e technique of Neutron S p e c t r a l
Modulation [NSE) /3/. 
with one wavelength (d = 1.5 m; h = 80 A; tl/tf = 1 0 '~ seem t o be reasonable param e t e r s ) . For a convenignt sample diameter of 1 cm, t h e d i f f e r e n c e s i n t h e l e n g t h of a l l p o s s i b l e f l i g h t p a t h s due t o s c a t t e r i n g i n d i f f e r e n t p a r t s of t h e sample, would l e a d t o a severe smearing of t h e time p a t t e r n a t t h e d e t e c t o r even f o r e l a s t i c a l l y s c a t t e r e d neutrons. To overcome t h i s , we p l a c e an a d d i t i o n a l chopper Ch halfway between Ch and t h e d e t e c t o r s . The timing of ChIII can be seen i n fig.' $! Neutrons of t h e s a m 6 I i n i t i a l v e l o c i t y can be e l a s t i c a l l y s c a t t e r e d a t d i f f e r e n t p o i n t s i n t h e sample and hence have d i f f e r e n t f l i g h t times between Ch and ChIII. A s long a s t h e f l i g h t time d i f f e r e n c e s a r e i n t e g e r m u l t i p l e s of t /2, $fie neutrons w i l l p a s s Ch I11 and a r r i v e a t t h e d e t e c t o r a t times, which a r e I n t z g e r m u l t i p l e s of t /2. Any quasre l a s t i c s c a t t e r i n g w i l l show up a s a small change i n a r r i v a l time a t ?he d e t e c t o r . But t h i s change i n v e l o c i t y w i l l n o t p l a y a s i g n i f i c a n t r o l e w i t h i n t h e small d i st a n c e from t h e sample t o ChIII. For s c a t t e r i n g angles around 90°, ChIII t r a n s m i t s only a f r a c t i o n of t h e intensity, which i s p r o p o r t i o n a l t o t h e d u t y c y c l e of Ch Wibh a r e s o l u t i o n of about 40 neV, t h e FOTOF-spectrometer should s t i l l be a b l e 111' t o compete with e x i s t i n g h i g h r e s o l u t r o n spectrometers because o f t h e a b i l i t y t o measure a l l s c a t t e r i n g angles simultaneously.
FOTOF spectrometer
CHI detector
FOTOF has some s i m i l a r i t i e s t o t h e s p i n echo technique:/4/ a) The energy r e s o l u t i o n i s o r d e r s of magnitude b e t t e r than t h e width o f t h e incomi n g spectrum. b ) Even without a n l ' i n t e r n a l clock" only t h e energy t r a n s f e r i n s t e a d of t h e in-and outgoing energy i s measured i n FOTOF.
C3-234 JOURNAL DE PHYSIQUE C ) The a c c e p t a b l e wavelength band i s l i m i t e d by t h e f a c t t h a t t h e change i n a r r i v a l time a t t h e d e t e c t o r A t due t o a q u a s i e l a s t i c p r o c e s s , i s not a d i r e c t measure
of t h e energy t r a n s f e r AE, b u t ~t -& € . A 3 holds.
However t h e r e a r e s e v e r a l s i g n i f i c a n t d i f f e r e n c e s : a ) I n t h e s p i n echo, s c a t t e r i n g under l a r g e angles does n o t l e a d t o any d i f f i c u l t i e s i n t h e OE measurement -i n t h e FOTOF t h e s e have t o be overcome by Ch 111' b ) FOTOF measures t h e shape of a q u a s i e l a s t i c l i n e within one s e t of t h e parameters o f t h e machine. C ) A l a r g e s e c t i o n of t h e whole s o l i d angle can be used f o r FOTOF, whereas Spin-echo even equipped w i t h a m u l t i d e t e c t o r s e l e c t s a very l i m i t e d s o l i d angle.
